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(71) We, Ranco Incorporated, a 
company incorporated under the laws of 
the State of Ohio, United States of America, 
of 601 West Fifth Avenue, Columbus, Ohio, 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement : — 

This invention relates to a displacement 
measuring transducer, with particular, but 
not exclusive, reference to the measurement 
of displacements of a' pressure responsive 
device so as to derive from the displacements 
an analogue electrical signal. 

A displacement measuring transducer is 
known in which a digital displacement signal 
is derived electronically by measuring photo- 
electrically the displacement of a laminar 
member which is subjected to the displace- 
ment to be measured, the laminar member 
having a slot which upon displacement of 
the member moves between two light 
sources and a photoelectric pick-up device. 

An object of the present invention i? to 
provide an improved displacement measur- 
ing transducer which can be used for the 
derivation of displacement signal electro- 
magnetically. 

According to the invention there is pro- 
vided a displacement measuring transducer 
comprising a linearly displaceable laminar 
member mounted for sliding movement 
within a metal sleeve located in a housing, 
the laminar member having two apertures 
spaced apart in the direction of displace- 
ment of the member, and at least two elec- 
tromagnetic pick-up devices cooperating 



with said apertures and spaced apart in the 40 
said direction, the metal sleeve acting as an 
electromagnetic shield and having apertures 
therein at the positions of the respective 
pick-up devices, so that upon displacement 
of the laminar member the displacement of 45 
the two apertures of the laminar member 
relative to the respective pick-up devices 
with which they cooperate results in respec- 
tive electrical outputs from the pick-up 
devices which can be utilised to provide a 50 
measurement of the displacement of the 
laminar member relative to the housing. 

By arranging that the spacing between the 
two apertures in the displaceable laminar 
member is different from the spacing be- 55 
tween the electromagnetic pick-up devices 
cooperating with these apertures it is pos- 
sible to derive from the pick-up devices an 
electrical signal, which may be in digital 
form, representative uniquely of the dis- 60 
placement of the laminar member relative to 
the housing. 

In a preferred embodiment of the inven- 
tion the outputs of the electromagnetic pick- 
up devices vary in response to variation in 65 
an electromagnetic coupling between a co- 
operating pair of coils by virtue of the dis- 
placement of the laminar member. In this 
embodiment each of the two pick-up devices 
comprises a pair of coils the coupling be- 70 
tween which is determined by the position 
relative to the coils in the cooperating aper- 
ture in the displaceable member, the dis- 
placeable member in this case being elec- 
trically conductive, for example in the form 75 
of a metal strip or ribbon. 

Preferably the apertures in the laminar 
member have a different spacing from the 
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apertures in the sleeve, so that in one posi- 
tion of the laminar member one aperture in 
the laminar member is in register with a co- 
operating aperture in the shield, while in 
another position of the laminar member the 
other aperture in the laminar member is in 
register with its cooperating aperture in the 
shield. The electromagnetic coupling be- 
tween the two coils of each pick-up device 
will be directly dependent upon the effec- 
tive size of the opening in the electromag- 
netic shield interposed between the two coils, 
which in turn will be dependent upon the 
extent to which the respective aperture in 
the displaceabie strip or ribbon is in regi- 
ster with the cooperating aperture in the 
shield. 

The displacement measuring transducer 
according to the invention may be used for 
the measurement of a pressure including, for 
example, the degree of vacuum in the induc- 
tion system of an internal combustion 
engine. For this purpose one end of the 
displaceabie laminar member may be con- 
nected directly to a displaceabie part of a 
pressure responsive device such as a dia- 
phragm or piston. In one embodiment of 
the invention one end of the laminar member 
is connected to a central portion of a dis- 
placeabie diaphragm the periphery of which 
is sealed within a chamber to which a pres- 
sure to be measured is applied. The cham- 
ber may house a compression spring which 
loads the central portion of the diaphragm 
with a biasing force so that when a sub- 
atmospheric pressure is applied to the cham- 
ber, the diaphragm adopts an equilibrium 
position which is dependent upon said pres- 
sure. The sub-atmospheric pressure may for 
example comprise the pressure in the induc- 
tion manifold of an internal combustion 
engine. 

The housing in which the displaceabie 
laminar member is located may conveniently 
be formed in two parts which are secured 
together to define a slot in which the lam- 
inar member is freely displaceabie, the slot 
extending longitudinally through the hous- 
ing and being formed by two cooperating 
channels in the two parts of the housing. 
The two housing parts may be secured to- 
gether by bolts, rivets or other securing ele- 
ments which act as guides for the longi- 
tudinal displacement of the laminar member. 
Thus the securing elements preferably pass 
through longitudinally elongate holes in the 
laminar member so as to guide the latter 
in its longitudinal movement in the housing 
slot. 5 

A practical embodiment of the invention 
as applied to a transducer for the measure- 
ment of vacuum in an internal combustion 
engine is illustrated, by way of example, in 
the drawings accompanying the Provisional 
Specification, in which : 



Figure 1 is a diagrammatic longitudinal 
section through the transducer; 

Figure 2 is a side elevation of the trans- 
ducer shown in Figure 1, with one housing 
half and one shield removed, and 70 

Figure 3 is an end view in the direction 
of arrow III in Figure 2. 

In the drawings, a displaceabie laminar 
member in the form of a flat copper strip or 
slide 1 is displaceabie in a longitudinally 75 
extending slot in a metal housing. The hous- 
ing is formed in two halves, comprising a 
body 2 and a side cover 3 which have co- 
operating shallow longitudinally extending 
channels which together define a longitudin- 80 
ally extending slot in which the slide 1 is 
located. The side cover 3 is secured to the 
body 2 of the housing by two screws 4 which 
pass through respective longitudinally elon- 
gate holes 6 in the slide 1. The bushes 5 85 
act as guides for the longitudinal displace- 
ment of the slide 1 in the housing. 

The slide 1 is movable within a sleeve 
formed by two parallel electromagnetic 
shield plates 7, also of copper sheet, ex- 90 
tending longitudinally within the slot of the 
housing and covering opposite respective 
faces of the slide L Each shield plate 7 is 
formed with a raised protuberance 8 (Fig- 
ure 3) which engages the other plate 7 and 95 
accurately predetermines the spacing be- 
tween the shield plates 7, and, therefore, 
the width of the sleeve through which the 
laminar slide 1 moves. 

Two electromagnetic pick-up devices are 100 
disposed within the housing at positions 
which are spaced apart in the direction of 
movement of the slide 1. Each pick-up de- 
vice comprises a pick-up coil 9 housed in 
a cavity 10 in the side cover 3 and co- 105 
operating with a respective drive coil 11 
housed in a cavity 12 in the body 2 of the 
housing, the respective cavities 10, 12 of 
each pick-up device being aligned with each 
other on a common transverse axis perpen- 1 10 
dicular to the plane of the slide 1. Each 
cavity 10, 12 communicates with the ex- 
terior of the housing through a respective 
slot 13, 14. The coils 9 and ll have respec- 
tive U-shaped cores 15, 16 part of each of 115 
which is shown in Figure 1, which define 
a closed magnetic flux path between the 
cooperating pairs of coils 9 and 11. The 
positions of two of the coils 9 and 11 and 
their cores 15 and 16 are indicated in broken 120 
outline in Figure 3. 

Electrical connections to the respective 
pairs of coils 9, 11 are made through con- 
tact carrying circuit boards 17, 18 respec- 
tively attached to opposite sides of the 125 
housing by self- tapping screws 19 20 
screwed into the side cover 3 and the body 
2 respectively. The contact carrying boards 
17, 18 carrying respective electrical con- 
nections for the two associated coils 9, 11 130 



3 



1,604,824 



3 



respectively and are each provided with four 
contact pins 21, 22 (Figures 2 and 3) for 
connection to a respective socket connector 
(not shown). Each drive coil 10 is coupled 

5 electro-magnetically to its associated pick- 
up coil 11 through aligned windows 23, 24 
in the two shields 7, the windows 23, 24 
comprising transverse slots aligned with the 
common axis of each respective pair of coils 

10 9, 11. The swo slot-like windows 23, 24 in 
one of the shields 7 are shown diagram- 
matically in broken outline in Figure 2. The 
distance between the centres of the two 
transverse slots 23, 24 in each shield 7 is, 

15 therefore, equal to the distance between 
the common axes of the two pairs of aligned 
coils 9, 11. 

The slide 1 is formed with two apertures 

25, 26 in the form of. transversely extending 
20 slots of the same dimensions as the slots 

23, 24. The apertures 25, 26 are spaced 
apart by a smaller distance than the slots 23, 

24, as shown clearly in Figure 2, such that 
when one of the slide apertures, say 25, is 

25 completely in register with the associated 
slots 23 of the shields 7 are other aperture, 

26, is out of register with the associated 
slots 24. The extent of mis-registration or 
overlap between each aperture 25 and 26 

30 and its associated slot 23, 24 will affect di- 
rectly the degree of coupling between each 
drive coil 11 and its associated pick-up coil 
9, so that for each position of the longitud- 
inally displaceable slide 1 relative to the 

35 housing there will correspond different de- 
grees of coupling between the coils 9 and 11 
and, therefore, a different combination of 
signals from the two pick-up coils 9. 

The displacement of the slide 1 is trans- 

40 lated into an electrical signal proportional 
to the slide displacement derived from the 
two pick-up coils 9. The two drive coils 11 
are fed with two alternating or pulse-form 
signals which are alternately in phase and in 

45 phase quadrature relative to each other dur- 
ing successive timed intervals timed by an 
associated clock pulse generator. The two 
pick-up coils 9 will detect the respective 
signals from the two drive coils, these signals 

50 being combined to provide a resultant signal 
the phase of which will be dependent upon 
the degree of coupling between the respec- 
tive pick-up coils and their associated drive 
coils 11, which in turn will be dependent 

55 directly upon the position of the slide 1, as 
explained above. The phase angle of the re- 
sultant signal derived by combination of the 
detected signals from the two pick-up coils 
9 will therefore be an analogue representa- 
60 tion of the displacement of the slide 1 rela- 
tive to the housing. 

The electrical circuit for providing the 
drive signals for the two drive coils 11 and 
for combining the detected signals from the 
65 two pick-up "coils 9 does not form part of 



the present invention and may be of any 
convenient type. A suitable circuit is des- 
cribed in U.K. Patent Specification No. 
1481166. 

In the application of the transducer illus- 70 
trated in the drawings the displacement of 
the slide 1 measured by the transducer is in 
turn representative of a pressure to be 
measured, in this case the pressure or 
"vacuum" existing in the induction system 75 
of an internal combustion engine. The end 
of the slide 1 within the housing is con- 
nected to a longitudinally displaceable rod 
27 by a transverse pin 28 attached to one 
end of the rod 27 and passing through a hole 8Q 
in the adjacent end of the slide 1. The rod 
27 is secured to a boss 29 clamped to a 
central portion of a flexible diaphragm 30, 
the outer periphery of which is clamped 
sealingly between one end of the housing 85 
body 2 and an end cover 31. The central por- 
tion of the diaphragm 30 is clamped flat 
between the boss 29 and a flat plate 32 abut- 
ting one end of the rod 27. The diaphragm 
30 forms one wall of a chamber 33 within 90 
the end cover 31. The pressure to be 
measured is applied to the chamber 33, in 
this case by connecting a pipe 34 communi- 
cating with the interior of the end cover 31 
with part of the conduction system of an in- 95 
ternal combustion engine, so that the pres- 
sure in the chamber 33 is substantially equal 
to that in the engine induction system. 
4 A helical compression spring 35 is located 
within the chamber 33 and bears at one end 100 
against the boss 29 and at its other end 
against a cup 36 supported within the cham- 
ber 33 by a calibration screw 37 screwed 
into an end wall of the cover 31. By adjust- 
ing the position of the screw 37, which is a 105 
sealing fit in the end cover 31, the axial 
position of the rod 27 and of the slide 1 
in the rest condition of the transducer can 
be determined. The compression range of 
the spring 35 is such that for variations 110 
within the range to be measured of the pres- 
sure in the engine induction system, applied 
to the chamber 33 through the pipe 34, there 
will correspond a predetermined range of 
equilibrium positions of the diaphragm 30 115 
and, therefore, of the rod 27 at which the 
pressure difference across the diaphragm 30 
resulting from the drop in pressure or 
"vacuum" in the engine induction system is 
balanced by the compression of the spring 120 
35. Thus the axial position of the rod 27, 
and, therefore, of the slide 1 in the housing 
will be directly dependent upon the sub- 
atmospheric pressure in the chamber 33. 

To avoid any tendency for the edges of 125 
the apertures in the slide 1 and the shields 
7 to interfere with each other, due for ex- 
ample to buckling of the slide, thin sheets 
of magnetically transparent low-friction 
material such as "Mylar" (Registered Trade 130 



Mark) may be interposed between the op- 
posite faces of the slide 1 and each shield 
plate 7. Alternatively, or in addition, the 
apertures 25 and 26 in the slide 1, and/or 
the slots 23. 24 in the shields 7, may be 
nlled with low-friction plastics material such 
as polytetraflubroethylene which may also 
form thin protective coatings on the surfaces 
of the slide and/or the shields. 

1U It will be appreciated that the transducer 
according to the invention can be used for 
other purposes than measuring pressure as 
described above. For example, the trans- 

i * ," ce i r I" ay be to monitor a tension ap- 
plied through a suitable coupling to the dis- 
placeable slide 1 of the transducer. 

WHAT WE CLAIM IS: — 

20 1. A displacement-measuring transducer 
comprising a linearly displaceable laminar 
member mounted for sliding movement 
within a metal sleeve located in a housing, 
the laminar member having two apertures 
spaced apart in the direction of displace- 
ment of the member, and at least two elec- 
tromagnetic pick-up devices cooperating 
with said apertures and spaced apart in the 
said direction, the metal sleeve acting as an 

M electromagnetic shield and having apertures 
therein at the positions of the respective 
pick-up devices, so that upon displacement 
ot the laminar member the displacement of 
the two apertures of the laminar member 

» relative to the respective pick-up devices 
with which they cooperate results in respec- 
tive electrical outputs from the pick-up 
devices which can be utilised to provide a 
measurement of the displacement of the 

w laminar member relative to the housing. 

2. A transducer as claimed in Claim 1 
in which each of the pick-up devices com- 
prises a pair of coils the coupling between 
which is determined by the position relative 
to the coils of the cooperating aperture in 
the displaceable member. 

3. A transducer as claimed in Claim 1 
or Claim 2, in which the laminar member 
comprises a metal strip or ribbon. 

50 4. A transducer as claimed in Claim 3, 
in which the apertures in the laminar mem- 
ber have a different spacing from the aper- 
tures in the sleeve. 

« u 5 * A transducer as claimed in any one of 
the preceding claims, in which the displace- 
able laminar member is connected directly 
to a displaceable part of a pressure respon- 
sive device. 

„ . 6 - A transducer as claimed in Claim 5, 
oo m which one end of the laminar member is 
connected to a central portion of a displace- 
able diaphragm the periphery of which is 
sealed within a chamber to which a pres- 
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sure to be measured is applied in use of 
the transducer. 55 

7 'u A transducer as claimed in Claim 6. 
in which the chamber houses a compression 
spring which loads the central portion of the 
diaphragm with a biasing force so that when 
a sub-atmospheric pressure is applied to the 70 
chamber the diaphragm adopts an equili- 
brium position which is dependent upon 
said pressure. F 

8. A transducer as claimed in any one of 
the preceding claims, in which the housing 75 
is formed in two parts which are secured to- 
gether to define a slot in which the laminar 
member is freely displaceable, the slot ex- 
2ft longitudinally through the housing 
and being formed by two cooperating chan- 80 
nel in the two parts of the housing 
•„ u- u transdu cer as claimed in Claim 8 

0"?? housin § P a «* a ^e secured 
together by bolts, rivets or other securing 

?.lrf£Trf- Wh , lch aCt 88 guides for the long? 85 
tudmal displacement of the laminar mem- 

in whio A i ranSduC ? r M , daimed in Claim 9. 
n which the securing elements pass throueh 
longitudinally elongate holes in the H 90 

ESSS S ° 38 t0 gl ? ide the latter in ^s longi- 
tudinal movement in the housing slot 

• L- l , transd "cer as claimed in Claim 3 
in which the sleeve is formed by two parallel* 

orotubf ^ ^ . haVing at least one ^ ed 95 
2 ranee which contacts the other plate 
and defines the width of the sleeve in which 
the laminar member moves, 
or Claim 1 t 5 ansdu c?r a s claimed in Claim 3 
?raSn™ V'i m w f h . ici } sheets of magnetically 100 
J? J £ ent low - f "ction material are inter- 
posed between the opposite faces of the 
laminar member and the sleeve in which i! 

13. A transducer as claimed in Claim 3 105 

SS Til thl ?^ U - iD Which the Su- 
tures in the laminar member and /or the 

apertures in the sleeve are filled with mag! 

ne ically ransparent plastics material g 

• L- l transducer as claimed in Claim 13 110 

lures S ^ If 51108 material filing the a pe?I 10 
tures in the laminar member and /or the 
sleeve also forms protective coating on the 
SFffi'SS* ° f tHe laminar m -ber an^ 

15. A displacement-measuring trans- 15 
ducer substantially as herein described with 
reference to and as shown in the drawl 
accompanying the Provision SpecificaS>n S 

M. J. STEPHENS & CO 12 ° 
Chartered Patent Agents ' 
Royal Building, 
J l St - Andrew's Cross, 
Plymouth PL1 2DS 
Agents for the Applicants 
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